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INTRODUCTORY. 

Is a preliminary communication (an abstract of which appeared in 
this Journalz), i t  was shown that there were great differences in the 
severity of the symptoms exhibited by rabbits " sensitised " by a 
previous injection of foreign serum on re-injection with the same. 
Those differences correspoiided with differences in the amount of pre- 
cipitin produced in response to the first injection. With abundant 
precipitin the symptoms were severe and the result often fatal ; with 
precipitin less marked the symptoms were mild and were followed by 
perfect recovery. During the anaphylactic illnem it was shown that a 
diminution of the animal's serum-complement occurs, i.e. a larger dose 
of the fresh serum is required than before to dissolve the same com- 
bination of washed blood corpuscles and hemolytic immune body. 

The present paper discusses the mechanism of the symptoms in 
the rabbit. 

I. CONDITIONS OF PRODUCTION OF THE ANAPHYLACTIC ILLNESS. 

The illness referred to is that following immediately upon intra- 
venous injection; the phenomena obtained by other routes of 
administration-subcutaneous, intraperitoneal, or intracerebral-are not 
included, nor are such late eflects as death after twenty-four hours. 

This immediate illness is remarkably uniform and does not vary with the 
different proteins, but has been produced in my experiments with substances of 
such diverse origin as serum (equine, bovine, and human), milk, foreign blood 
corpuscles (human and bovine), bacteria, and the vegetable protein of the rice 
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seed. These substances may be given to fresh rabbits in relatively large 
amounts, i.e. there is little original toxicity. The first or preparatory injection 
may be either subcutaneous, intraperitoneal, or intravenous ; the latter seems 
to  give the best results. 

The dose of protein should correspond to about 5 C.C. of blood serum per 
kilo body weight ; larger doses are certainly of no advantage. The low limit 
.of dose for producing the sensitive condition probably lies about 1 C.C. 

I t  is important to note that the minute dose which it is essential to use in 
sensitising guinea-pigs towards foreign serum has no effect in t h e  rabbit. Of 
.six fresh rabbits which received each 0.05 C.C. horse serum intravenously, not 
one showed symptoms on a subsequent injection. 

The repeated administration of rabbit serum to rabbits fails to produce any 
but slight and doubtful disturbance. An interval of ten days must elapse 
from the first injection for the sensitive condition to develop ; it then remains 
.of the same degree for other ten days, thereafter rapidly diminishing. This is 
again in contrast to the guinea-pig, which remains highly sensitive for prolonged 
periods. 

An intravenous dose, in the case of serum say 3 c.c., in such a prepared 
.animal is followed by the symptoms to be described. Should the animal 
recover, repetition of the same or a much larger dose produces not the least 
disturbance. The condition of “ anti-anaphylaxis ” or ‘‘ refractoriness ” has 
appeared. This persiets for three or four days; on the fifth day the sensitive 
condition reappears, to be in full force on the seventh. There is an acceler- 
ation thus in the rate at which the sensitisation occurs after the second and 
.subsequent doses as compared with the first. 

TABLE I. 

Description. 

(1) Russian, 9 ; 2600 
grms. 

(2) Dutch, 0 ; 1550 
grxus. 

(3) White, 6 ; 1720 
grms. 

(4) Russian, 9 ; 1670 
grms. 

(6) Dutch, P ; =me 
individual as No. 2. 

(6) White, I ; same 
individual as No. 3. 

(7) Russian, 9 ; aamc 
individual as No. 4. 

(8) Grey Lop, 6 ; 
2800 grms. 

(9) Grey Lop, 6 ; 

(10) Black, 9 .  

same as No. 8. 

Time since 
last Injection. Precipitin. 

Strong. 

Trace. 

Strong. 

Very weak. 

Very weak. 

Strong. 

Very weak. 

Weak. 

Strong. 

Moderate. 

Dose Serum. Symptom. 

Severe : death in 
four miiiutes. 

None. 

Severe: recovered 
in fifty minutes 

Slight: recovered 
in ten minutes 

Doubtful. 

Severe: recovered 
in one hour. 

Slight: recovered 
in six minutcs. 

Moderate:  re- 
covered in fif- 
teen minutes. 

Severe: died in 
seven minutes. 

Severe : recovered 
in t w e n t y  
minutes. 
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Passive transference of the sensitive condition can be effected. A dose of 
5 or 10 C.C. of the serum of a sensitive rabbit immediately confers on a fresh 
rabbit the capacity to react with the typical symptoms on injection with the 
appropriate protein. As a rule, however, the symptoms are distinctly milder ; 
they are certainly more transient. These conditions are markedly different 
from the case of the guinea-pig where the serum of the sensitive guinea-pig 
must be given at  least twenty-four hours before the assaulting dose. In the 
;rabbit this procedure produces symptoms much less definite than when the 
two injections are given practically simultaneously. 

There are very marked variations in the degree to which individual rabbits 
.can be sensitised, i.e. in the degree of severity of the symptoms that may be 
induced by a second or subsequent intravenous injection. Of thirty rabbits 
prepared in much the same way, five succumbed to a second dose of from 2 to 
.5 C.C. of the foreign serum, other six died acutely as a result of subsequent 
similar doses ; the remainder, though some were frequently rendered severely 
ill, never developed a fatal degree of susceptibility. Among these also, the 
severity of the symptoms on injection varied on different occasions in the same 
rabbit. The reason for the different aptitude for sensitisation in different 
rabbits is not known. Neither age, sex, race, nor feeding could be observed 
to have any relation to it. It goes, however, hand in hand, as has been 
mentioned, with the degree to which, in serum anaphylaxis, the animal 
-develops precipitin. Table I. illustrates this ; it represents the clinical 
behaviou, along with the degree of precipitin present at the moment of 
anaphylactic assault and the history, in the case of ten experiments taken 
simply in the order found in the course of my notes. The method of precipitin 
estimation employed will be described later. 

11. THE SYMPTOMS OBSERVED IN AXAPIIYLACTIC BABBITS. 
In a rabbit with strong precipitin in its serum the intravenous 

injection of 3 C.C. of the appropriate foreign serum sets u p  the 
following symptoms. 

Within fifteen seconda of starting the injection-in fact, umally before it 
is completed-there is a well-marked blush of the ears, the veins swelling up 
and even pulsating; this lasts for a period of from a second or two to about a 
minute, and is associated with alteration in the rhythm of the breathing,- 
little pauses and shortened breaths. Frequently at this stage there is some 
restlessness, the animal pricks u p  its ears and hops about. Following sharply 
on this fleeting hyperaemia comes pronounced anaemia of the ear, the veins 
collapse, the ear becomes cold, and strong heat and friction fail to produce the 
normal reaction of congestion ; at this stage it is impossible to bleed ; the ear 
vein cut across yields not a drop of blood, and even the technique of bleeding 
with an incandescent electric bulb to induce continuous congestion fails 
entirely. 

Along with this there is marked panting respiration, differing from the 
normal panting of the rabbit by its greater vigour and depth ; the heart beats 
more rapidly and feebly, becoming almost impossible to count. The animal 
is restless, seeking apparently a conifortablo attitudc and holding its head high 
with an anxious expression. 

At the second or third minute muscular weakness appears; the animal 
lies prostrate with legs stretched out and head resting on the floor; the 
breathing is heaving and laboured, the heart beat rapid and feeble ; no notice 
is taken of sounds and vigorous disturbance ; shaking and flicking elicits little 
or no response; the eyes are half shut, and the expression is one of deep 
sleep. The abdomen at this period presents a striking appearance ; it is large 

~ - J L .  or pzn.-vnL. xv. 
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and full, but the heaving movements of the diaphragm and chest transmit 
little or no excursion to i t ;  the outlines of the stomach and caecum shorn 
through, and loose folds of the flaccid muscular wall seem to flow out from the 
side of the prostrate rabbit. The skeletal muscles generally have lost tone;, 
the spine bends, and the limbs hang limply when the body is lifted. Fzcal 
niatter is discharged, first solid, then loose and liquid ; if the bladder hapilens 
to be full, urine is also discharged. 

It is still practically impossible to get blood from the ear ; any drop tllnt. 
may be expressed is very dark and tarry, and coagulates slowly. 

In five to ten minutes this stage of depression reaches a maximum, aud 
rapid death may occur. Lying on its side, the rabbit begins to kick con- 
vulsively ; the breathing ceases, to be replaced by loud intermittent gasps ; the 
head is thrown back, with nostrils wide and eyeballs protruding. There may 
be two or three of these convulsive seizures at  intcrvals of a few seconds, with 
severe spasms of the back muscles and gasping or screaming attempts at 
respiration ; then the respiration ceases, the corneal reflex disappears, the 
animal is dead. The heart usually continues to beat for several minutes, then 
gradually slows and stops. In non-fatal cases all degrees of severity may be  
observed, from those where the only evidence of disturbance may be a transient 
panting and local anaemia of the ears, with complete recovery in five to ten 
minutes, to those wherc for thirty minutes the animal is in a state of deep. 
coma, recovering in the course of the following two hours. 

The condition in human nosology which most nearly resembles t h e  
anaphylactic illness is that of surgical shock ; there is as in this a low blood 
pressure with stagnation in the portal area on which adrenalin has little effect; 
there is extreme muscular weakness, shallow breathing, and a condition 
approaching unconsciousness ; recovery, as in shock, may be rapid and 
complete. 

111. THE MECHANISM OF THE SYMPTOMS. 

In a kymograph tracing of an animal subjected to anaphylactic 
assault with a moderate amount of precipition in its serum, i.e. an animal 
likely to have had clinically mild symptoms, a fall of arterial blood 
pressure commences within half a minute of starting the injection. It. 
progresses by slow degrees, reaching its lowest point in from seven to  
fifteen minutes. Thereafter it slowly rises, and during the succeeding 
ten iuinutes very nearly reaches its original level. (Platcs VIII. and IX. 
Figs. 7, 8, 9, slid 10.) 

I n  a severe or fatal case the tilaximum depression is reached more rapidly. 
I n  three or four minutes the blood pressure may fall from 100 to 30 mm. of 
mercury. The respira- 
tion is markedly accelerated, and the excursions of the chest wall greater. Tho 
fatal issue is signalled by the sudden stop of the respiration-usually from 
four to ten minutes from the start. 

The blood pressure rises slightly (probably an asphyxia1 rise), then falls to. 
base level in the coiirse of three to four minutes, the heart continuing to beat. 
steadily long after the respirntion has ceased. Spasmodic respiratory move- 
ments occasionally appear at this stage without much effect on the blood 
pressure curve. (Plates IX., X., and XI. Figs. 11, 12, 13, 14, 15.) 

The immediate explanation of the symptoms, the prostration, and 
muscular paresis is spparenl; the profound fall of blood pressure 

The pulse waves are more rapid, but smaller in size. 
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accounts for all. 
explanation ; to it the agonal cor]vulsions are to be ascribed. 

The respiratory arrest probably demands another 

Iv. THE CAUSE OF THE FALL OF BLOOD PRESSURE. 

The rnechilllism of the fall of blood pressure is less obvious. 
Paralysis of the muscular wall of the arterioles, as in nitrite poisoning, 
produces a profound fall of pressure. In the tracing, however, the 
waves of the heart beat tend to increase in size as the pressure falls, 
wliile the whole effect can be antagonised by adrenalin. But in the 
nnzphylactic depression the curve resembles more that obtained when 
ail animal is rapidly exsanguined. The heart waves become smaller a8 
the pressure falls, and adrenalin produces merely an evanescent rise of 
pressure without ameliorating the symptoms. 

Further, a striking point in the symptomatology is the swelling of 
the abdomen which persists throughout the illness. This, as is seen 
post-mortem, is due to an intense engorgement of the portal system of 
vessels. 

Arteriole paralysis alone cannot account for this condition ; such a 
paralysis would, if the total volume of the capillary channels remained 
approximately unaltered, rather tend to relieve portal stagnation by 
transmitting unchecked the wave of increased pressure from the heart 
beat so as to aid the venous flow. In nitrite poisoning, capillary 
distension in the abdomen is relatively mild, producing, in spite of 
the arteriole paralysis, no such intense portal congestion as in the 
anaphylactic rabbit. 

Theee diflerences can only be explained by supposing iu 
anaphylaxis some intense dilating action on the capillary vessels them- 
selves, as a result of which the systemic circulation is rapidly depleted 
into the portal, and reduced to the same condition as after a severe 
hremorrhage. 

Such an intense dilating action can be produced either (a) by a 
sudden mechanical obstruction to the blood flow in the inferior v e m  
cma in the thorax, as has been shown by Bolton (1909 s), i.e. by a 
passive distension by backward pressure ; or ( b )  by primary dilatation 
of the capillary vessels themselves. 

Paralysis of the capillaries as an independent possibility has had little atten- 
tion paid to it by phsrmacologiste, although Roy and Graham Brown (1879 *) 
showed that the capillaries of the frog possessed an independent contractility, 
and that their lumen was not affected by variations of the blood pressure 
within wide limits. More recently the same has been shown by Steinach and 
Kshn (1903 10) in the mammal,-a variation in the diameter of the capillaries 
independent of blood pressure and directly presided over by tho sympathetic 
system. 

There are &wain two possibilities : the widespread relaxation of tho 
tonus of the capllbry vessels may be the result of sympathetic nerve 9 
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activity (or its removal), or i t  may be due to direct injury to the 
endothelial cdls which build them up. 

V. HISTOLOGICAL APPEARANCES. 

The histological appearances are of importance in this connection. 
In  the organs of the splanchnic area the general congestion which is 

apparent naked-eye, not only in those dying after respiratory arrest, but in 
those bled to death during the height of the symptoms, is shown microscopi- 
cally by an intenee capillary engorgement with minute haemorrhages. In  
the intestinal villi in particular the capillaries are represented by large blood 
spaces with a lining of thinned-out endothelium ; the submucous tissue shows 
distended venules with here and there rupturo and extravasation. (Plate VII. 
Figs. 1 and 2.) Such capillary hemorrhages, i t  is to be noted, do not appear 
in nitrite poisoning. 

The intralobular capillaries of the liver are dilated and full of blood; both 
the central wins of the lobules and the twigs of the portal vein in the portal 
spaces are similarly distended. The omentum, spleen, and pancreas are 
equally congested ; the Ptomach often shows but slight changes. The lungs 
retract normally on opening the thorax, and are rather pale ; microscopically 
there is a characteristic thickening of the interalveolar septa ; the capillaries 
are compressed, and tho contained blood corpuscles seem to be peculiarly 
adherent to the walls. 

Some alveoli contain a little serous exudate; there is no cmphysenia ns in 
the guinea-pig, and never a general aadema. The lung condition, however, 
certainly suggests a very early stage of an acute mdcma. (Plate VII. Figs. 3,4,  
5, and 6.) 

VI. IJLOOD CHANGES. 

The blood changes next require attention. During the ana- 
phylactic illness, as has been said, the blood is very dark iu colour and 
slow to coagulate. 

( A )  Delayed Coagulation. 

Instead of furnishing a thread of fibrin (McGowan’s capillary tubo method) 
in six or seven iriinutes as before injection, the blood sets to n jelly only after 
ten to fifteen minutes; the formation of a fibrin thread is usually very 
indefinite. The striking change is that the serum almost always fails to 
separate spontaneously although the clot is firm. The phenomenon never 
approaches the marked condition of the peptone plasma in the dog, where the 
blood remains fluid for days. The abnormal factor would seem to be primarily 
a loss of the property of retraction rather than a marked deficiency in fibrin- 
ferment or fibrinogen. 

(A’) Leucopenia. 
From 10,000, say, the leucocytes fall practically inimediately to 3000 or 

4000 per cm. Differential counts show that it is chiefly the polymorphs that 
have disappeared ; those remaining are almost all mononuclear, and display a 
marked tendency to clump. The leucopenin, however, is the least uniform 
of the blood changes. (The 
complement is none the less diminished in these cases, which negatives a 
causal connection of the leucopenia for the latter.) 

Occasionally no fall in the count appears. 
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(6') Preci@tin. 
The precipitin, it is important to note (in serum anaphylaxis), completely 

(It-reappears, in animals which recover, in three to four days, its disappears. 
reappearance coinciding with the regaining of susceptibility.) 

(D) Destruction of Complement. 
The coniplement is found to be markedly weaker than before injection. 

The minimum haemolytic dose before, having been, say, 0.15 c.c., is now 0.7 to 
0.8 c.c., or the serum may possess practically no haemolytic power whatever. 
In the slighter degrees of illness the complement is proportionally less affected. 
As the animal recovers the complement strength returns to its former height- 
usually within one or two hours, even after severe symptoms. 

( E )  The Reactions of Natural Immunity. 
It is of interest to note that it is not merely the hamolytic property of the 

serum, unimportant under natural conditions, but the defensive bacteriolytic 
also that is affected. The fresh serum obtained before the anaphylactic illness 
is capable of sterilising itself at  37' C. after the addition of as many as 100,000 
living vibrios per C.C. ; the serum obtained during the illness is rapidly over- 
grown with the vihrios after so small an addition as yome tens of vibrios only 
per c.c., i.e. fails to protect itself against the slightest invasion. (The method 
employed for these results was that of Wright (1905'"), which is peculiarly 
suitable for comparative tests with fresh serum.) 

The opsonic property is similarly thrown out of action under those con- 
ditions. Both for tubercle bacilli and for staphylococci the opsonin almost 
disappears. The count per cell may drop from 10 with the serum before 
injection to 0.5 after. The mean of twenty different experiments, iii most of 
which the illness was relatively slight, gives a figure of 6.7 per cell before 
injection, 1.9 after injection. The effect of such changes on the resistance to 
infection can hardly be questioned. 

In Table 11. representative examples of the  blood changes which 
OCCIIL' during the anaphylactic illness are put  together. 

TABLE 11. 

Period. 

Immediately 
belore in- 
j e c t i o n  : 
t?n days  
RIIlCe last 
dose. 

Five minutes 
al'tcr injec- 
tion. 

Two hours 
after injec- 
tion. 

Precipitin. 

Strong. 

None. 

None. 

Coa ulation 
finic. 

Fibrin 
thread at 

six minutes. 

Jelly forma- 
tion about 

lilteen 
minutes. 

Fibrin 
thread at 

six minutes. 

Leuco- 
oytes. 

10,000 
per cm. 

3,000 
per crn. 

12,000 
per cni, 

Ilaemolytic 
Comple- 
ment. 

0.15 C.C. 
=M.C.D. 

0'6 C.C. 
=M.C.L). 

0.15 C.C. 
= M. C. D. 

Bacteriolytic 
Power. 

120 vibrios 
per cm. 

Nil. 

- 

Opsonin. 

6'5 hacteria 
Per 

polyniorph. 

2.0 bacteria 
pe P 

poly luorph. 

- 
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METHODS. 
(a) The precipitin estimation was conducted in capillary tubes of 3 mm. 

diameter drawn to a point a t  the closed end. Antigen, e.9. horse serum, was 
diluted with 0.85 per cent. saline to six different strengths-1 : 10, 1 : 100, 
1 : 500, 1 : 1000, 1 : 5000, 1 : 10,000. Of each of these 0.2 C.C. was filled into 
capillary tubes with a fine pipette, beginning with dilution 1 : 10,000. With 
a fresh pipetto 0.2 C.C. of the rabbit serum to be tested was then allowed to 
run down the side of each, displaciiig the diluted antigen and giving a zone of 
mixture of about 2 mm. I n  this zone turbidity appears and flocculation in 
proportion to the amount of precipitin present. (This procedure is better than 
the usual layering method for comparative tests betwcen twyo sera.) From 
the height of the dilution still producing turbidity, and from the degree of 
turbidity and amount of deposit in twenty-four hours, tlle sera were clasted 
as “ very strong,” “strong,” ‘‘ moderate,” ‘‘ weak,” “ very weak,” or “ trace 
precipitin.” I n  practice 110 more accurate method is available ; accurate 
measurement of the precipitate as in Nuttall’s method would necessitate first 
working out for each serum the optimum dilution for precipitation-this varies 
considerably in different sera-bcfore correct comparisons as to the aniount of 
precipitahle antibody could be instituted. 

( b )  The complement estimation was coriductcd in small test tubes of about 
4 O.C. capacity carefully cleaned before use. The fresh serum to be tested was 
first added in decreasing ainoiints, then two miniinurn hzmolytic doses of 
rabbit “I.B. ” w. ox corpuscles; then saline to bring the contents to 1 C.C. in all 
the tubes, after which 1 C.C. of a 1 per cent. suspension of freshly washed- 
not more than two days old-ox blood corpuscles was rapiclly mixed with each, 
and the whole put at  37” C. The degree of 1p is  was read after half an hour, 
after two hours (in the incubator), then after twenty hours at room 
temperature. 

VII. THE CONNECTION WITH THE SYXPATHETIC SYSTEM. 

What connecticn is there between thesc blood changes and the 
general disturbance ? 

Phenonema remarkably resembling these nre seen on section of the 
abdominal sympathetic nerve trunks. Ruche1 and CSpitta (1903 9) cut the 
splanchnics in rabhits and found a profound fall of blood pressure, portal 
congestion, immediate leucopenie, and delayed blood coagulation-in a word, 
some of the cardinal phenomena of the anaphylactic syndrome. The inter- 
dependence of these peculiar changes has been explained thus. The loss of 
the  narvoiis impulses produces a widespread loss of tone in the vascular tissue 
formerly supplied, both artcrioles and capillaries ; in consequence a pronounced 
stagnation of blood results. Tho systemic circulation is rapidly depleted 
into the portal, and the blood pressure falls; the leucocytes, in particular 
the more responsive polymorphs, settle quickly out of the slowly circulating 
blood-especially perhaps in the liver-leaving the systemic circulation 
relatively poor. The weak retracting power of a blood clot poor in leucocytes 
is a well-known observation. 

An explanation such as this may have some bearing on certain 
of the blood changes of the anaphylactic syndrome. It is not 
evidence, however, that there actually is disturbance of the 
sympathetic nervous system as a result of the anaphylactic assault. 
It is difficult to suppose, besides, tbat the Rympathetic alone of the 
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nervous system should be so profoundly affected. In one of my 
lryrnograph experiments, where the abdomen was opened and a 
marked fall of blood pressure produced by handling the intestine, i.e. 
by sympathetic shock, the injection of the assaulting dose neverthe- 
3ess produced an equally definite further fall, indicating a t  least a 
more powerful action on the part of the latter than sympathetic 
.shock alone was capable of producing. 

VIII. INJURY TO THE CAPILLARY ENDOTHELIUM. 

By a process of exclusion thus we are forced to postulate an 
injury to the capillary walls themselves for the production of the 
.anaphylactic effects. 

Histological 
methods of greater delicacy than have hitherto been applied are 
required to bring to the eye such changes in the cells concerned,- 
which cannot, after all, considering the rapidity of recovery, be of a 
,gross character. The prevalence of capillary hemorrhages is of 
course suggestive. 

Consideration of the effects of subcutaneous injection of the 
assaulting dose (Arthus and Breton, 1903 I) tends in the same 
direction. Here no general disturbance occum, the whole violence 
of the reaction being spent a t  the site of inoculation, and producing 
a widespread acute hzmorrhagic cedema-t he phenomenon of Arthus. 
'The probability is apparent that the same process, occurring within 
the  circudating blood, should profoundly affect in a similar manner the 
general vascular endothelium-the cells in most direct proximity. 

Direct injury to the capillary endothelium as the explanation for the 
pharmacological action of certain poisons has been strongly maintained by 
Henbner (1907 7). A group of substances chemically widely different exists, 
characteriaed by a typical syndrome on intravenous injection. Among these 
arc tartar emetic, double salts of iron, nickel, gold and platinum, and the 
alkaloid emetine. 

In the rabbit this common syndrome consists in a rapid fall of blood 
pressure and portal congestion of intense degree with capillary hemorrhages, 
.death resulting by respiratory arrest, the heart continuing to heat for some 
time. Delayed blood coagulation and leucopenia are strongly marked. The 
points of similarity to the anaphylactic illness are apparent. 

Objective evidence of this is not easy to furnish. 

IX. THE LUNG CONDITION. 

The cause of the sudden respiratory arrest is still to be explained. 
T i e  suppsition that the low blood pressure, causing, a profound 
nniemia of the respiratory centre, is responsible, is rendered improbable 
by the fact that artificial respiration after the breathing bas ceased 
.does not prolong life ; the heart stops beating with marked engorge- 
ment ol the right chambers in spite of it. The manner of the death, 
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too, with gasping, convulsive attempts a t  respiration, suggests strongly 
that it is of a suffocative character. 

There is no evidence, however, in the rabbit of the bronchiole 
spasm with acute emphysema which causes the rapid anaphylactic 
death in the guinea-pig (Auer and Lewis, 1910 ”. The histological 
appearance described rather indicates a commencing edema of the 
lung, insufficient to produce mechanical respiratory arrest. Further. 
investigation of this point is necessary. 

X. THE CAUSE OF ANAPHYLAXIS. 

What modification has taken place in the economy of the animal 
to lead to behaviour so vastly diflerent from the normal 1 The fact 
of passive transference of the sensitive condition by means of the 
serum fixes attention on this as containing the responsible factor. 
Further, the remarkable correspondence already described between 
the precipitin content of the serum and the severity of the symptoms. 
a t  once suggests that the presence of this, and not of any other 
hypothetical anaphylactic antibody, is the new factor to which is 
due the difference between the normal and the sensitive animal. 
Strong proof of this has been furnished by Doerr and Russ (1910 4). 

These observers, employing the normal guinea-pig as test animal, 
estimated the power of diiferent samples of sensitive rabbit’s serum 
to produce passive anaphylaxis, and worked out the minimum dose 
of this that-plus a standard dose of antigen-still produced death. 
The precipitin strength of the sera was found in exact proportion to 
their lethality. Further, the precipitate itself obtained in vitro by 
separation from a mixture of precipitin rabbit serum and antigen is 
definitely toxic, as shown by the same authors,l The disappearance 
of the precipitin from the serum after the illness and the “ refractory ” 
condition during its absence are also points of presumptive evidence. 

How the interaction of precipitin and antigen acts so as to. 
produce the morbid changes deficribed is still a matter for speculation. 

The conditions in the anaphylaxis to foreign blood corpuscles are 
little clearer ; here the hzmolgtic immune body is precisely in the 
position of the precipitin in serum anaphylaxis. 

Friedemann (1909 6 )  has reproduced the anaphylactic illness by mixing 
hcemolytic immune body, fresh complement, and washed blood corpuscles in 
vitro, removing the latter, before lysis is advanced, with the centrifuge, and 
injecting intravenously the supernatant, now toxic, fluid. Thie, then, would 
represent the true poison, i.e. an early product of cytolysie, which is of 
course a process much more rapid and complete in the treated, “immuNsed’” 
animal than in the normal. Friedemann describes a fall of complement in 
the cyto-anaphylactic animal which I can confirm and which completes the 
similarity to the serum anaphylaxis. Friedberger (19105) has recently published 
an important experiment in inlitation of that of Friedemann above mentioned. 

l Loc. C i t .  
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He has been able to extract, by means of fresh guinea-pig serum (“com- 
plement”), a toxic substance from the precipitate of rabbit precipitin plus. 
antigen, with which in guinea-pigs the typical anaphylactic death can be 
produced. This ‘ I  anaphylotoxin ’’ cannot be extracted by normal saline, but 
requires the complement. This substance it is which is the final stage in 
the interaction of antigen and antibody in the circulation, and to which 
alone the disturbances are due. 

XI. THE SIGNIFICANCE OF THE FALL OF COMPLEMENT. 

Friedberger (1 91 0 6), on the strength of the experiment just 
quoted, considers that the antigen-precipitin combination is merely a 
potentially toxic substance, requiring for the liberation of the actual 
toxin, the “ nnaphylotoxin,” the intervention of the complement. 
Thus is to be explaioed the diminution in Complement in the 
anaphylactic illness; it has been used up in the preparation of the 
“nnaphylotoxin.” Further proof of this is found in the fact that a 
preparatory injection of hypertonic sodium-chloride solution prevents 
in the guinea-pig the production of the illness by serum precipitin. 
This procedure in zritro, i.e. the addition of strong sodium-chloride 
solution, is known to inactivate complement ; the liberation of toxin, 
according to Friedberger, is thus prevented. 

These experiments, however, are capable of quite different inter- 
pretations, and the theory, in iny opinion, is not so well founded a s  
to bear the far-reaching conclusions that have been based upon it. 
Experiments on these points are in progress. The possibility cannot 
be lightly dismissed that the change in the physico-chemical condition 
of the blood which makes itself apparent as a weakening of com- 
plement may be itself the agent in the I‘ toxic action.” 

XII. DISTURBANCE OF METABOLISM. 

The rectal temperature after an anaphylactic illness of definite 
severity is subnormal. The average fall, excluding cases where 
recovery was complete in fifteen minutes, is between 1” and 3” F. 
There is no such prolonged hypothermia as occurs so typically in the 
guinea-pig ; the tem*porature in the rabbit regains the original level 
rapidly. 

To be correlated with this behaviour is that of the respiratory 
exchange. 

Method. 

The experiments on this point were conducted with an apparatus con- 
structed by Dr. T. s. M‘Intosh, the description of which is shortly to b0 
published. It consists of a glass respiratory chamber through which air is 
drawn at a measured rate. Samples of the outgoing air are taken at a 
uniform rate over a definite period,-usually about 40 C.C. of breathed air was 
collected during thirty minutes,-the ventilation being at  the rate of about 
150 litres per hour. The samples are analysed in Haldane’s gas analysis 
apparatus. With this apparatus, after applying certain needful corrections, 
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concordant results are obtained, a i d  it presents distinct conveniences 
compared with the weighing method. 

TanLE 111. 

Per Kilo. per Hour. 
Period respirrd 
Air collected. 

Oxy en 
absory,ed. 

Description. Symptoms. 

:O, exhaled. 

(1) Black, 9 ; yoiuig, 
900 gins. ,  fasting 
20 hours. Passively 
s r n s i t i s c d :  9 C.C.  

s t r o n g  p r c c i p i t i n  
seruni 2'. liorsc intra- 
venous. 

1 Iioiw afterwards 5 C.C. 
liorse seiiim intra- 
venoiis. 

No symptoms. &-$ hour after 
iiijectioii. 

990 C.C. 

642 C.C. 

lall). 
(=35 p c .  

1106 C.C. 

940 C.C. Marked prostra- 
tion : recovcred 
in 10 minutes. 

3-13 hour after 
iiijection. 

(2) Black, 0 ; young, 
950 grins., fasting 
20 lioiirs (control). 
9 C.C.  i i o~~na l  rabbit 
seruni intrarenons. 

1 l imr aftcr 6 C.C. 

liorsc serum intra. 
venous. 

No symptonis. 

No symptoms. 

4-1 Iioor eftrr 
injectiou. 

1092 C.C. 

1008 C.C. 
(fall neglig- 

ible). 

l l O i  C.C. 

1093 C.C. 4-1 hour after 
injection. 

TABLE IV. 

Per Kilo. 

CO, exhaled. 

er Hour. 

Oxygen 
absorbed. 

Precipitin and 
Symptoms. 

Period respired 
Air collected. Description. 

(1) Grey, d .: 1370 
grins., fasting 24 
11onrs. 

Received 2 C.C. liorse 
serum intravenous. 

Moderato 
precipitiii. 

;f hour before 
injection. 

753 C.C. 

555 C.C. 

559 C.C. 
(=26 p.c. 
reduction). 

701 C.C. 

726 C.C. 

i 0 2  C.C. 
( =negligibl 

fall). 

E23 C.C. 

672 C.C. 

687 C.C. 

905 C.C. 

801 C.C. 

i 5 6  C.C. 

Considerable 
prostration. 

Recovered ; 
somewhat 
languid. 

No symptoms, 
" refractory." 

$-! ]:our aftex 
iujection. 

24-3 lioors aft< 
injection. 

... 

4 hours after received 
5 C.C. horse serum 
intravenous. 

+ hour aftel;, 
" refractory 

injection. 

;f hour before 
injection. 

(2) Russian, 8 ; 238( 
grms., fasting 2( 
hours. 

Received 2 C.C. horsc 
serum intrarenons. 

Very weak 
preoipitin. 

Very slight 
symptoms. 

3-1 hour after 
injection. 
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In Table 111. the effects on respiratory exchange of a passively induced 
anaphylactic shock are to be seen along with the control. The carbon dioxide 
production has fallen 35 per cent. (The error of experiment mas found to 
work out about 6 per cent.) In Table IV. the effects of n moderately severe 
“active ” anaphylaxis are expressed ; with the negative results where the 
symptoms were slight. In seven experiments, in most of which the symptoms 
were relatively mild, the diminution in CO, excretion averaged 25 per cent. 

Whether this disturbance is dependent on the lung condition described or 
an some general interference with tissue metabolism is not settled. 

I n  conclusion, I muat express my deep indebtedness to Dr. Ritchie; 
Superintendent of the Royal College of Physicians Laboratory, for 
continued help and invaluable counsel during the progress of the 
work. 
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DESCRIPTION OF PLATES VI1.-XI. 
PLATE VII. 

FIG. 1.-Small intestine of anaphylactic rabbit killed by 5 C.C. human serum, intravenous ; 
intense congestion of capillaries in the miicous membrane. 

FIG. %-Small intestine o f  anaphylactic rabbit killed by 5 C.C. horse serum, intravenous ; 
villus occupied by a large blood space, distended capillary or venule. 
( x 200.) 

( x ‘LOO.) 

FIQ. %-Lung of normal rabbit ; general arrangement with thin-walled alveoli. 

FIG. &--The samo ; narrow alveolar septa. ( x 200.) 

F I G .  5.-Lung of snapliylactic rabbit (the aninial of Fig. 2) ; appearance suggesting 

hi;. &-The same ; thickening of alveolar septa, with crumpling and encroachment on 

( x 50.) 

collapse. ( x 50.) 

the air spaces. ( x 200.) 

PLATE VIII. 
Flu. i.--Kymograph tracing of anaphylactic illness of moderate severity : Urethane 

aiirestliesia (3 grms. subcutaneously), rabbit 2100 grms. (its serum c o n t h e d  
a moderate amount of precipitin w. ox semi ) .  



44 ANAPUYLAXIS IN THE RABBIT. 

Carotid blood pressure before injection=92 mm. mercury ; I d f  a 

Respiration before injection=78 per minute ; half a minute after=84 
minute alter= 84 mni. 

per mm. 

Fro. S.--Continuation of above : five to sir minutes after injcctiou. 
Carotid blood pressure = 08 mm. mercury. 
Respirstion=76 per minute. 

PLATE IX. 
FIG. g.-Continuation : twelve minutes after injection. 

Carotid blood pressure= 44 mm. meicury. 
Respiration = 70 per minute. 

Carotid blood pressure= 72 mm. mercury. 
Respiration = 65 per minute (gradual recovery). 

FIG. 11.-Kymograph tracing of fatal anaphylactic illness. Rabbit 2300 grrns. with strong 
procipitin serum v. horse, urethane anaesthesia ; 3) grms. subcntaneously. 
(Abdomen opeued and intcstine handled before tracing commenced ; some 
degree of shock present, with blood pressure lower than normal.) Respira- 
tion tracing with chest tambour. 

Fro. 10.-Continuation of above : twenty minutes after iujcction. 

Carotid blood pressure before injection= 72 mm. mercury. 
Respiration before injection= 64 per niinute. 

PLATE X. 

Carotid blood pressure at end of injection=46 mni. mercury. 
Respiration a t  end of injection=114 per minute (=50 seconds from 

Rapid fall of blood pressure, with increased rate of respiration. 

Respiration suddenly stops: carotid blood pressure riscs to ii mnr, 

One and a half minates aftcr injection gasping attempts a t  respiration 

FIG. lZ.-Direct continuation of Fig. 11. 

eommcncing injection). 

FIG. 13.-Direct contiuuation of Fig. 12=half a minute after injection. 

mcrcury. 

occur ; blood pressure fallen to 57 mm. mercury. 

PLATE XI. 

FIG. 14.-Direct continuation of Fig. 13. 
Gasping respiratory movements continue, one every three seconds. 
At two minutes after injection, carotill blood pressure= 56 nim. mercury. 
At two and a half minutes after injection carotid blood pressurc=36 niin. 

niercury. 

FIG. 15.-Direct continuation of Fig. 14. 
Blood pressurc falls slowly. 
At three miiiutes after injection carotid blood pressure- 22 mrn. mercury. 
At  three and a half minutes after injection carotid blood prcssure=18 mm. 

Gasping respiration ceased a t  four minutcs. Heart ceased to beat a t  five 
mercury. 

minutes after injection. 
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Fig. 1. 

Fig. 3. 

F@, 5. 
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FIG. 10. 

1. 0. 

3. 4. 

3. 4. 

1. e. 

FIG. 11. 

s. 4. 

1. Reapiatory Tracing. 

8 Absdsp. 4. 8econdr 

2. C.Wd Blood Pressure. 
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PLATE X 

FIG. 13. 

2. 3. 4. 

1. Reapinby Tracing. 

8. Signal and AbLbScim. 

%. Carotid Blood plaplure. 

4. Seconda 
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